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7KLVSDSHUGHPRQVWUDWHVKRZVSDQ OHQJWKV LQIOXHQFH WKHUHVXOWVRIDVVHVVPHQWVSHUIRUPHGDW WKHIDWLJXH
OLPLW VWDWH ZKHQ XVLQJ D ODUJH DPRXQW RI GDWD IURP UHDO WUDLQV 7KH UHVXOWV PD\ SURYLGH DQ LPSURYHG
XQGHUVWDQGLQJRIZKLFKRIWKHEULGJHVDORQJDURXWHWKDWVKRXOGEHSULRULWL]HGJLYHQQHZFRQGLWLRQV
7UDLQGDWD
7KHORDGPRGHOVFRQVLGHUHGDUHGHULYHGEDVHGXSRQZHLJKWLQPRWLRQ:,0GDWDFROOHFWHGLQE\
'DQLVKUDLOZD\RSHUDWRUV7KHGDWDSURYLGHGFRQWDLQVLQIRUPDWLRQRQIUHLJKWWUDLQVLHPLOOLRQ
WRQQHV 7KH:,0 GDWD SURYLGHV LQIRUPDWLRQ RQ WKH LQGLYLGXDO ZDJRQV RI HDFK WUDLQ LQ WHUPV RI WKHLU
OHQJWKZHLJKWQXPEHURID[OHVD[OHGLVWDQFHDQGD[OHORDG,QRUGHUWRGHULYHWUDLQPRGHOVIURPWKHOLVW
WKH LQIRUPDWLRQ ZDV VXSSOHPHQWHG E\ FHUWDLQ DVVXPSWLRQV VXFK DV D[OH GLVWDQFH ZLWKLQ ERJLHV VHW WR
P WKH QXPEHU RI ERJLHV DQG WKHLU SRVLWLRQ GHWHUPLQHG EDVHG RQ WKH UHVSHFWLYH ZDJRQV OHQJWK
QXPEHU RI D[OHV DQG D[OH GLVWDQFH :LWK GHWHUPLQHG D[OH SRVLWLRQV IRU DOO ZDJRQV D ORDG PRGHO LV
DVVHPEOHGIRUHDFKWUDLQ6WDWLVWLFVIRUWKHWUDLQPRGHOVDQGWKHLUZDJRQVDUHVKRZQLQ7DEOH

7DEOH7UDLQOLVWVWDWLVWLFV
 $YHUDJH 6WDQGDUGGHYLDWLRQ  0D[ 0LQ
:DJRQVSHUWUDLQ>TW\@     
:DJRQOHQJWK>P@     
7UDLQOHQJWK>P@     
$[OHORDG>N1@     
:DJRQOLQHORDG>N1P@     
7UDLQOLQHORDG>N1P@     
:DJRQORDG>N1@     
7UDLQORDG>N1@     

%DVHGXSRQDPD[LPXPDOORZHGORDGRIWRQVD[HODQGWRQVPWKH:,0GDWDFOHDUO\FRQWDLQV
RYHUORDGHGWUDLQVEXWWKHDYHUDJHORDGLVZHOOEHORZWKHOLPLW)LJVKRZVWKHGLVWULEXWLRQRID[OHORDG
DQGZDJRQOLQHORDGIRUDOOWUDLQVGHPRQVWUDWLQJWKHSHUFHQWDJHRYHUORDG7KHILJXUHVDOVRVKRZWKDWWKH
GDWD FRQWDLQ DPL[RI KHDY\ DQG OLJKWZDJRQV DQG WKHLU SRVLWLRQ UHODWLYH HDFKRWKHU7KLV SRVLWLRQ FDQ
KDYHDVLJQLILFDQWLPSDFWRQIDWLJXHGDPDJHGXHWKHSRWHQWLDOORDGLQJDQGXQORDGLQJVFHQDULRVWKDWPL[HG
ZDJRQZHLJKWVFDQFDXVH
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&RQVLGHUHG%ULGJHV
7KHFXPXODWLYHIDWLJXHGDPDJHLVFDOFXODWHGIRUQLQHILFWLWLRXVEULGJHFRQILJXUDWLRQV6HYHQRIWKHVH
DUHVLPSO\ VXSSRUWHGEULGJHVZLWK OHQJWKYDU\LQJIURP WRPHWHUV7KHVHUHSUHVHQWDWLYHVWUXFWXUHV
DUHDQDO\]HGDWWKHFULWLFDOPLGVSDQVHFWLRQ7KHUHPDLQLQJWZRUHSUHVHQWDWLYHVWUXFWXUHVDUHPRGHOHGDV
FRQWLQXRXVEULGJHVZLWKWZRVSDQVRIHTXDOOHQJWKZLWKRYHUDOOOHQJWKVRIDQGPHWHUV7KHVHWZR
EULGJHVDUHDQDO\]HGLQWKUHHVHFWLRQV ORFDWHGLQPLGVSDQRIWKHVSDQOHQJWKIURPWKHPLGVXSSRUW
DQGDWWKHPLGVXSSRUWDVLOOXVWUDWHGLQ)LJ
,QIOXHQFHOLQHVIRUEHQGLQJPRPHQWDUHGHULYHGWKHFRQVLGHUHGFULWLFDOVHFWLRQVDVLOOXVWUDWHGLQ)LJ
ZLWKUHVSHFWLYHGHWHUPLQDQWOHQJWKVGHWHUPLQHGEDVHGXSRQWKHVHLQIOXHQFHOLQHV7KHLQIOXHQFHOLQHVDUH
GHILQHG E\ RUGLQDWHV VSHFLILHG DW P LQWHUYDOV 7KH GHWHUPLQDQW OHQJWK IRU EULGJHVZLWK RQH VSDQ LV
HTXDOWRWKHWRWDOOHQJWKRIWKHEULGJHDQGIRUEULGJHVZLWKWZRVSDQVWKHGHWHUPLQDQWOHQJWKIRUVHFWLRQ
DQGFRUUHVSRQGVWRWKHVSDQOHQJWKZKLOVWDWVHFWLRQLWFRUUHVSRQGVWRWKHRYHUDOOOHQJWKRIWKHEULGJH
7KH RQO\ VHFWLRQ SURSHUW\ QHHGHG IRU WKH FDOFXODWLRQ RI WKH PD[LPDO EHQGLQJ VWUHVV LV WKH VHFWLRQ
PRGXOXV 7KLV LV GHULYHG IURP WKH ODUJHVW EHQGLQJ PRPHQW JHQHUDWHG LQ HDFK VHFWLRQ E\ SODFLQJ WKH
(XURFRGH/RDG0RGHODWWKHPRVWXQIDYRUDEOHSRVLWLRQRQWKHEULGJHFRQVLGHUHG7KHVWDWLFORDGHIIHFW
ZDVHQKDQFHGZLWKDG\QDPLFIDFWRUDVVSHFLILHGLQ(TXDWLRQEDVHGXSRQDQDVVXPSWLRQRIVWDQGDUG
PDLQWHQDQFHDFFRUGLQJWR(XURFRGH(1IRUWKHFRQVLGHUHGGHWHUPLQDQWOHQJWK
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*LYHQ WKH ODUJHVW EHQGLQJPRPHQW WKH VHFWLRQPRGXOXV LV FDOFXODWHG WR FRUUHVSRQG WR DPD[LPXP
GHVLJQVWUHVVRI03DLQHDFKVHFWLRQIRUDOOEULGJHV7KHVHFWLRQVSURSHUW\ZDVWKHQRSWLPL]HGIRUWKH
XOWLPDWHOLPLWVWDWHZLWKQRDFFRXQWWDNHQWRWKHIDWLJXHOLPLWVWDWH
1RJHRPHWULF LQIRUPDWLRQ IRU WKHFURVVVHFWLRQVZDVXVHG LQ WKLVVWXG\VR WKHUHIHUHQFHYDOXHRI WKH
IDWLJXHVWUHQJWKLVFKRVHQDUELWUDULO\'HWDLOFODVVGHILQHGLQ(XURFRGH(1LVFKRVHQ
DQGXVHG IRUDOO VHFWLRQV7DEOH VXPPDUL]HV WKHFRQVLGHUHGSDUDPHWHUV IRUHDFKRI WKH UHSUHVHQWDWLYH
EULGJHVLQFOXGLQJLQIRUPDWLRQUHJDUGLQJWKHG\QDPLFIDFWRUPD[LPXPPRPHQWFDXVHGE\ORDGPRGHO
DQGWKHGHULYHGVHFWLRQPRGXOXV
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ĭ
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0/0>N1P@
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[P    
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[P    
[P    
[P    

&DOFXODWLRQRIIDWLJXHGDPDJH
,QGHWHUPLQLQJ IDWLJXHGDPDJH WKH WUDLQV DUH VWHSSHGRYHU HDFKEULGJHZLWK D VWHS OHQJWKRI P
7KLVOHQJWKKDVEHHQVKRZQWRSURYLGHVDWLVIDFWRU\DFFXUDWHUHVXOWV)RUHDFKVWHSDOOD[OHVDUHPXOWLSOLHG
ZLWKDFRUUHVSRQGLQJLQIOXHQFHYDOXHDQGWKHSULQFLSOHRIVXSHUSRVLWLRQLVHPSOR\HGWRGHWHUPLQHWKHWRWDO
PRPHQW /LQHDU LQWHUSRODWLRQ LV HPSOR\HG ZKHUH DQ D[OH LV SRVLWLRQHG EHWZHHQ WKH GHILQHG LQIOXHQFH
RUGLQDWHV6WUHVVHVDUHFDOFXODWHGXVLQJWKHVHFWLRQPRGXOXVDQGDG\QDPLFHQKDQFHPHQWIDFWRUGHILQHGLQ
$QQH['LQ(XURFRGH(1DQGVKRZQLQ(TXDWLRQ

  


6WUHVV F\FOHV EDVHG RQ WKH YDULDWLRQV LQ WKH VWUHVVVWHS VHULHV DUH FRXQWHG XVLQJ D UDLQIORZ FRXQWLQJ
DOJRULWKP'RZQLQJDQG6RFLH7KHVWUHVVUDQJHIURPHDFKF\FOHLVXVHGWRGHWHUPLQHWKHIDWLJXH
GDPDJH3DUWLDOVDIHW\IDFWRUVDFFRUGLQJWR%DQHGDQPDUN%1DQG(XURFRGH(1DUH
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HPSOR\HG DV VKRZQ LQ (TXDWLRQ  ZLWK YDOXHV RI  DQG  HPSOR\HG IRU IDWLJXH ORDGLQJ DQG
VWUHQJWKUHVSHFWLYHO\

  


)DWLJXHVWUHQJWKFXUYHV IRUGLUHFWVWUHVV UDQJHVZHUHHPSOR\HGWRGHWHUPLQH WKHQXPEHURIF\FOHV WR
IDWLJXHIDLOXUHIRUHDFKVWUHVVF\FOH7KHUHVXOWDQWGDPDJHVZDVVXPPDUL]HGDFFRUGLQJWRWKH3DOPJUHQ
0LQHUUXOHVHH(TXDWLRQZKHUH'LVWKHGDPDJHDQG1LLVWKHHQGXUDQFHLQF\FOHV7KHVWUXFWXUHLV
FRQVLGHUHGWRKDYHUHDFKHGIDLOXUHZKHQ'UHDFKHVDQGRUH[FHHGV

  


5HVXOW
7KHUHVXOWVIURPWKHFDOFXODWLRQVDUHVKRZQLQ7DEOHZKHUHWKHIDWLJXHGDPDJHIRUDOOIUHLJKW
WUDLQVKDVEHHQFDOFXODWHG7KHWRWDOFXPXODWLYHZHLJKWRIWKHWUDLQLVPLOOLRQWRQHV7KLVDPRXQW
RIGDWDLVDVVXPHGWRFRUUHVSRQGWRDOOWUDLQVZKLFKSDVVWKHEULGJHVLQDSHULRGRIRQH\HDU7KHG\QDPLF
HQKDQFHPHQWIDFWRUDQGERWKSDUWLDOVDIHW\IDFWRUVDUHLQFOXGHGZKHQFDOFXODWLQJWKHWRWDOGDPDJHDQGWKH
GDPDJHJHQHUDWHGIURPRQO\RQHWUDLQ$OVROLVWHGIRUWKHEULGJHVLVWKHLUUHPDLQLQJIDWLJXHOLIHLQ\HDUV
DVVXPLQJLGHQWLFDODQQXDOWUDIILFFRPSRVLWLRQ
7KHFDOFXODWLRQVVKRZWKDWWKHFXPXODWLYHIDWLJXHGDPDJHUHGXFHGZLWKORQJHUVSDQV7KLVLVDOVRYDOLG
IRU WKHPD[LPXPGDPDJHFDXVHGE\RQH WUDLQ7KHVH UHVXOWVDUHH[SHFWHGJLYHQ WKDW IRU VKRUWHU VSDQV
HDFKERJLHZLOOKDYHDELJJHULQIOXHQFHRQWKHJHQHUDWHGVWUHVVF\FOHV
,WLVDOVRVKRZQWKDWWKHWZREULGJHVZLWKWZRVSDQVDUHLQJHQHUDOPRUHVXVFHSWLEOHWRIDWLJXHGDPDJH
FRPSDUHGWREULGJHVZLWKRQHVSDQERWKZLWKWKHVDPHRYHUDOOOHQJWKDQGZLWKWKHVDPHVSDQOHQJWK)RU
WKHFDVHRIWKHWZRVSDQVWUXFWXUHVVHFWLRQZKLFKLVFORVHUWRWKHPLGVXSSRUWLVIRXQGWREHWKHPRVW
FULWLFDORIWKHWKUHHORFDWLRQVFRQVLGHUHGZLWKUHVSHFWIRUIDWLJXHGDPDJH$JDLQWKLVUHVXOWLVH[SHFWHGDV
GXHWRLWVLQIOXHQFHOLQHWKLVVHFWLRQLVVXEMHFWHGWRDVPDOOHUEHQGLQJPRPHQWLQXOWLPDWHOLPLWVWDWHDQG
DVDFRQVHTXHQFHLWVVHFWLRQPRGXOXVLVDOPRVWKDOIWKDWRIWKHVHFWLRQLQPLGVSDQ
)LJDQG)LJVKRZWKHGLVWULEXWLRQRIWKHJHQHUDWHGIDWLJXHGDPDJHIURPDOOWKHWUDLQVLQIRXURIWKH
EULGJHV $OO IRXU EULGJHV KDYH D ODUJH QXPEHU RI WUDLQV WKDW RQO\ KDYH D VPDOO LQIOXHQFH RQ IDWLJXH
GDPDJH)LJVKRZDFRQFHQWUDWLRQRIWUDLQVZKLFKJHQHUDWHVDODUJHUGDPDJHDQGLWZRXOGEHLQWHUHVWLQJ
WRLQYHVWLJDWHKRZODUJHDSRUWLRQRIWKHWRWDOGDPDJHFDQEHWUDFHGWRDJLYHQQXPEHURIWUDLQV7KLVLV
KRZHYHUEH\RQGWKHVFRSHRIWKLVSDSHU







)IORDG JV '
0I
VWUHQJWK
J
V'
¦ Q
L 1
'
L

3343 Andreas Ottosson etal. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  3338 – 3347 
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
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)LJ)DWLJXHGDPDJHGLVWULEXWLRQD%ULGJH[P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E%ULGJH[P
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
7KHFDOFXODWLRQVFUHDWHDVWUHVVVWHSVHULHV IRUDOO WUDLQVRQHYHU\EULGJHDQGLQRUGHUWRYLVXDOL]HWKH
GLIIHUHQFHLQLPSDFWRQWKHYDULRXVEULGJHVWKHVWUHVVVWHSVHULHVIRURQHWUDLQLVVHOHFWHGDQGYLVXDOL]HG
7UDLQQXPEHU LV FKRVHQEHFDXVH LW VWDQGVRXW E\ FDXVLQJ WKH ODUJHVW IDWLJXHGDPDJHRQ WKHEULGJH
[P,QIRUPDWLRQUHJDUGLQJWUDLQLVSUHVHQWHGLQ7DEOH&RPSDUHGWRWKHDYHUDJHWUDLQXVHGLQ
WKLV SDSHU WUDLQ  KDV PRUH ZDJRQV DQG D ODUJHU DYHUDJH ZDJRQ OLQH ORDG ZLWK D JUHDWHU VWDQGDUG
GHYLDWLRQ$ODUJHUVWDQGDUGGHYLDWLRQVXJJHVWVDJUHDWHUPL[RIKHDY\DQGOLJKWZDJRQVZKLFKFDQFDXVH
ODUJHUDQGRUPRUHVWUHVVF\FOHV

7DEOH7UDLQVWDWLVWLF
 $FWXDO $YHUDJH 6WDQGDUGGHYLDWLRQ  0D[ 0LQ
:DJRQVSHUWUDLQ>TW\@      
:DJRQOHQJWK>P@      
7UDLQOHQJWK>P@      
$[OHORDG>N1@      
:DJRQOLQHORDG>N1P@      
7UDLQOLQHORDG>N1P@      

)LJDQG)LJLOOXVWUDWHWKHVWUHVVYDULDWLRQVFDOFXODWHGDWPLGVSDQIRUHDFKVWHSZKHQWUDLQLV
PRYHGRYHUIRXURIWKHEULGJHVDQGZLWKRQHVSDQ7KHILJXUHVVKRZDUHGXFWLRQLQVWUHVVYDULDWLRQZLWK
LQFUHDVHGVSDQOHQJWKDQGWKHVHYDULDWLRQVDUHGXHWRORFDOHIIHFWVIURPHDFKD[OH
:LWKORQJHUVSDQOHQJWKWKHVHFWLRQPRGXOXVLVLQFUHDVHGPDNLQJWKHLQIOXHQFHRIHDFKD[OHRQVWUHVV
OHVVVLJQLILFDQW7KHILJXUHVDOVRVKRZWKDWWKHPD[LPXPVWUHVVUDQJHLVLQFUHDVHGZLWKORQJHUVSDQVEXW
WKHUHVXOWVLQ7DEOHVKRZWKDWWKLVLVOHVVVLJQLILFDQWIRUWKHFXPXODWLYHIDWLJXHGDPDJHFRPSDUHGWRD
ODUJHUQXPEHURIVPDOOHUF\FOHV)LJVKRZVWKHVDPHHIIHFWVZLWKLQFUHDVHGVSDQOHQJWKIRUVHFWLRQLQ
WKHWZRVSDQEULGJHV
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7KHFXWRIIOLPLWIRUGHWDLOFODVVLV03D6WUHVVHVRIPDJQLWXGHEHORZWKHFXWRIIOLPLWGRQRW
FRQWULEXWH WR WKH IDWLJXH GDPDJH 7KH QXPEHU RI FRXQWHG F\FOHV IURP WKH VWUHVVVWHS VHULHV ZLWK D
PDJQLWXGH WKDWH[FHHGV WKHFXWRII OLPLW LV OLVWHG LQ7DEOH&RQWULEXWLQJF\FOHV WR IDWLJXHGDPDJHDUH
JUHDWO\UHGXFHGDVWKHVWUHVVVWHSVHULHVJHWVPRRWKHUZLWKLQFUHDVHGVSDQOHQJWK7DEOHDOVRVKRZWKDW
WKHQXPEHURIDOORZHGSDVVDJHVRIWUDLQLQEULGJHVZLWKWZRVSDQVLVPXFKORZHUFRPSDUHGWREULGJHV
ZLWKRQHVSDQDQGZLWK WKHVDPHRYHUDOO OHQJWK7KHLUFDSDFLW\ LVDOVR ORZHU WKDQ WKHEULGJHVZLWKRQH
VSDQFRUUHVSRQGLQJWRWKHLUVSDQOHQJWK
,Q)LJWKHFXPXODWLYHGDPDJHIRUDOOWUDLQVDQGWUDLQLVVKRZQIRUEULGJHVZLWKRQHVSDQ7KH
IDWLJXHGDPDJHLVUHGXFHGZLWKLQFUHDVLQJVSDQOHQJWKDQGWKHGDPDJHFXUYHVDUHVHHQWRFKDQJHGLUHFWLRQ
DWRUDURXQGWKHDYHUDJHOHQJWKRIWKHZDJRQVLHPHWHUVIRUDOOWUDLQVDQGPHWHUVIRUWUDLQ
,WLVDOVRQRWHGWKDWWUDLQKDYHDVLJQLILFDQWLPSDFWRQWKHWKUHHEULGJHVZLWKWKHORQJHVWVSDQV

7DEOH&RXQWHGF\FOHVIURPSDVVDJHRIWUDLQ
%ULGJH 1XPEHURI
FRQWULEXWLQJF\FOHV
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&RQFOXVLRQ
7KH XVH RI WUDLQ PRGHOV EDVHG RQ UHDO IUHLJKW WUDLQV VKRZ WKDW WKH JHQHUDWHG IDWLJXH GDPDJH YDU\
VLJQLILFDQWO\ DV D IXQFWLRQ RI WUDLQ FRQILJXUDWLRQV 7KLV LV GXH WR WKH ODUJH YDULDWLRQ LQ ZHLJKW RI WKH
ZDJRQVDQGWKHLUSRVLWLRQUHODWLYHWRHDFKRWKHULQLQGLYLGXDOWUDLQV
7KH DQDO\]HG VHFWLRQ SURSHUWLHV KDYH EHHQ FDOFXODWHG WR FRUUHVSRQG WR DPD[LPXPGHVLJQ VWUHVV RI
03DDWWKHXOWLPDWHOLPLWVWDWHZKHQVXEMHFWHGWR(XURFRGH/RDG0RGHO7KHUHVXOWVGHPRQVWUDWH
LQFUHDVHGIDWLJXHGDPDJHIRUVKRUWHUVSDQV6KRUWHUVSDQVDUHLQJHQHUDOVXEMHFWHGWRDKLJKHUQXPEHURI
VWUHVVF\FOHVGHULYHGIURPORFDOHIIHFWV,IIRUH[DPSOHWKHGHWHUPLQDQWOHQJWKIRUDEULGJHLVVKRUWHUWKDQ
WKHOHQJWKRIDZDJRQLWZLOOEHVXEMHFWHGWRRQHERJLHDWDWLPHDVVXPLQJRQHERJLHLQERWKHQGVRIWKH
ZDJRQ PDNLQJ HDFK ERJLH JHQHUDWH D VWUHVV F\FOH ,Q DGGLWLRQ WR D KLJKHU QXPEHU RI VWUHVV F\FOHV
FRPSDUHGWRORQJHUVSDQVWKHXOWLPDWHOLPLWVWDWHORDGJHQHUDWHDVPDOOHUEHQGLQJPRPHQWUHVXOWLQJLQD
VPDOOHU VHFWLRQPRGXOXVZKLOVW WKH G\QDPLF HQKDQFHPHQW IDFWRU LV DOVR ODUJHU IRU VKRUWHU GHWHUPLQDQW
OHQJWKV
7KHVKDSHRIWKHLQIOXHQFHOLQHLVDOVRGHPRQVWUDWHGWREHLPSRUWDQWZLWKUHVSHFWWR IDWLJXHGDPDJH
7KHVHFWLRQVDQDO\]HGLQWKHEULGJHVZLWKWZRVSDQVVKRZWKDWWKHEHQGLQJPRPHQWLQPLGVSDQLVDOPRVW
WZLFH WKH VL]H FRPSDUHG WKH VHFWLRQ FORVHU WRPLGVXSSRUW:LWK D OLQHDU UHODWLRQVKLS EHWZHHQ EHQGLQJ
PRPHQWDQGVHFWLRQPRGXOXVWKHJUHDWO\UHGXFHGVHFWLRQPRGXOXVKDVDQLPPHQVHLPSDFWRQUHPDLQLQJ
IDWLJXH OLIH2QROGHUEULGJHVZKRVHFURVV VHFWLRQZHUHPRVW OLNHO\RSWLPL]HGZLWK UHVSHFW WRXOWLPDWH
OLPLWVWDWHWKHVHUHVXOWVGHPRQVWUDWHDKLJKVHQVLWLYLW\WRIDWLJXHGDPDJHDWWKHVHVHFWLRQV,WLVLPSRUWDQW
IRUEULGJHRZQHUVPDQDJHVWREHDZDUHRIWKHVHVHFWLRQVVXVFHSWLELOLW\WRIDWLJXHGDPDJH
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